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1. An elongated device for treatment of thrombus or other 
unwanted material in a vessel or cavity of a living body comprising: 

a. a proximal end and a distal end; 

b. high pressure tubular means for conveying pressurized 
fluid fromysaid proximal end to said distal end; 

c. pressurizedX fluid connection means for connecting the 
proximal end\of said high pressure tubular means to a 
source of pressurized fluid; 

d. jet emanator means with at least one jet orifice for 
directing at leSbs^ one high velocity fluid jet in the 
vicinity of s^id distal end, said jet emanator means 
being attached \to an.d\in fluid communication with said 
high pressure 

e. second tubular 
of said jet 
velocity fluid 

f . inflow means in 



20 



25 




onveying fluid, at least one 
ting at least one high 
second tubular means; 
tubular means , oriented so 



30 



that at least one high velocity fluid jet entrains and 
draws surrounding blood or \other fluid from a body 
vessel or cavity through said i\nf low means and into said 
second tubular means, and creatYng a region of elevated 
pressure in said second tubular means ; 
outflow means in said second tubuUar means, located at 
said region of elevated pressure ,\ said outflow means 
thereby providing for passage of fluid out from said 
second tubular means into a body Vessel or cavity, 
creating one or more cross flow jets which provide force 
(normal and /or drag forces) which help to break thrombus 
or other unwanted material off the surface of a body 
vessel or cavity; 
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one or more 
apart thrombu^ 
entrained by 
1. said high ve 
outflow means 
fluid flows f 




velocity jet(s) act to break 
unwanted material which has been 
velocity jet(s); and, 
s), said inflow means, and said 
recirculation pattern so that 
utflow means with radial flow 
al and /or axial flow vectors 



vectors and 

to said inflow means ai^d Back into said second tubular 
means , thereby providing enhanced removal of thrombus 
or other unwanted material off the surface of a body 
vessel or cavity, and macerating the thrombus or other 
unwanted material by acti<3p of said high velocity 
jet(s) 
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2. An elonMted device for treatment of thrombus or other 
unwanted material in a vessW or cavity of a living body comprising: 

a. a proximalXend and a distal end; 

b. high pressur\^ tubular means for conveying pressurized 
5 fluid from said proximal end to said distal end; 

c. pressurized fluid connection means for connecting the 
proximal end ofXsaid high pressure tubular means to a 
source of pressurdzed fluid; 

d« jet emanatOTp m^^s with at least one jet orifice for 
10 directing an least^one high velocity fluid jet in the 

vicinity of Wid dis\al end, said jet eraanator means 
being attachedXto andXiiK fluid communication with said 
high pressure tubular tnea^s ; 
]% e. exhaust tubular means mo rVconv eying fluid from said 

ip 15 distal end to said p^^^^imalN^d , at least one of said 

jet orifices directing at least one high velocity fluid 
'■■J jet into said exhaust tubular means, said exhaust 

\ \ 

'■'-^ tubular means providing for removal of fluid and 

In \ 

, thrombus or other unwanted material debris from the body 

20 vessel or cavity; 

f . inflow means in said exhaust tubVlar means, oriented so 
that at least one high velocity fluid jet entrains and 
draws surrounding blood or othes fluid from a body 
vessel or cavity through said inflow means and into said 

25 exhaust tubular means, and creating 4 region of elevated 

pressure in said exhaust tubular means; 

g. outflow means in said exhaust tubular \means, located at 
said region of elevated pressure, said outflow means 
thereby providing for passage of fluin out from said 

30 exhaust tubular means into a body vesisel or cavity, 

creating one or more crossflow jets which provide force 
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(normal and/orv drag forces) which help to break thrombus 
or other unwanted material off the surface of a body 
vessel or cavttyi 



h* one or more o 
apart thrombus 
entrained by sai 

i. said high velocityVj 

outflow means create a 
fluid flows from said o 
vectors and circumf erenti 
to said inflow means and ba 
means, thereby providing e 



said Tiigh velocity jet(s) act to break 



irec 



:|inwanted material which has been 
city jet(s) ; and, 
said inflow means, and said 
rculation pattern so that 
means with radial flow 
and/or axial flow vectors 
into said exhaust tubular 
need removal of thrombus 



or other unwanted material o^ the surface of a body 
vessel or cavity, and maceratiiW the thrombus or other 
unwanted material by action said high velocity 

jet(s) . 
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3. TheXdevice of claim 2, wherein said elevated pressure 
in said exhaust tubule- means aids in driving fluid and thrombus or 
unwanted material debris Vrora said distal end to said proximal end through 
said exhaust tubular means 

4. The device of claim 1, further comprising isolation 
means for isolating the portion of the body vessel or cavity near said 
distal end of said elongated Mevice, 

5. The d^vi^H, \t claim 2, further comprising isolation 
means for isolating the ^orti<Jls^ of the body vessel or cavity near said 
distal end of said elongated devd 



)f cU 



jproxin 



:laiA 1 



6 . The devic 
is provided in the range of 

7 . The device o 
is provided in the range of appr 

8, The device of cla 
is provided in the range of approximate 

9. The device of claim i o 



txma 



i or 2, wherein high pressure fluid 
150 to 500 psi. 

2, wherein high pressure fluid 
00 to 2500 psi. 

wherein high pressure fluid 
150Q to 50000 psi. 

erein high pressure fluid 



ly> 



l\or 



in said jet emanat or- means is in the range ^f 5\) to 350 psi- 

10. The device of claim 1 or 2\ wherein high pressure fluid 
in said jet emanator means is in the range orV 350 to 850 psi. 

11. The device of claim 1 or 2, ^herein high pressure fluid 
in said jet emanator means is in the range of ^0 to 35000 psi. 

12. The device of claim 1 or 2 , wHerein said high velocity 
jet(s) have maximum instantaneous center line velocity of approximately 
2,000 to 30,000 cm/s. 

13. The device of claim 1 or 2, wherein said high velocity 
jet(s) have maximum instantaneous centerline veloctLty of approximately 
7,000 to 20,000 cm/s. 
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14. The deviceXof claim 1 or 2, further comprising another 
tubular means for passage of ^l^i^ or other material or for passage of 
devices such as guidewires, / ciatheters, or imaging tools between said 
proximal end and said distal endNAv. 
5 15. The deviceX of\ adaim 1 or 2, further comprising 

pressurized fluid source meansv Aonnectible to said pressurized fluid 
connection means, for providing pressurized fluid to said high pressure 
tubular means . \ 

16. The device of clam 2, further comprising exhaust 
10 regulation means connected to said exhaust tubular means for regulation 

of the rate of removal of fluid and thrombus or other unwanted material 
debris from the body vessel or cavity. \ 
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17. A method of macerating thrombus or other unwanted 
material in a body vessel or cavity, comprising the steps of: 

a. inserting an elongated device having jet eraanator means, 

inflow meansV, and outflow means into a body vessel or 

\ 

5 cavity, and advancing said elongated device to a site 

of thrombus or^ other unwanted material in the body 
vessel or cav3>t ' 

b. connecting \ said\ elongated device to a source of 
pressurized ^uid ffOv^hat fluid jet(s) emanate from said 

10 jet emanator inMns J i^^ains blood or other fluid which 

may contain tn^mbus\ar^ other unwanted material and 
draws the blood or\^oj:he'^^^^id into the elongated device 
through said inflow means, and creates a pressurized 
region in the elongated^device which drives fluid and 

15 entrained blood or thrombi^^'debris out of the elongated 

device through said .outflow means creating crossrlow 
j et ( s ) ; and , 

c. using said elongated device t^o break apart thrombus or 
other unwanted material in tha body vessel or cavity, 

20 where fluid forces from the arossflow jet(s) and a 

recirculation of fluid from said \outf low means and back 
in through said inflow means and past said high velocity 
jet(s) macerates said thrombus \ or other unwanted 
material. 
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18. A method o£ removing thrombus or other unwanted material 
from a body vessel or cavityjv comprising the steps of: 

a. inserting anXelongated device having jet emanator means, 
inflow means A and outflow means into a body vessel or 
cavity, and advancing said elongated device to the site 



10 



15 



'^^ 20 



25 



b. 



d. 



A 



of the thrombus >pr other unwanted material in the body 
vessel or ca-y 

»longated device to a source of 
fluid jet(s) emanate from said 
Trains blood or other fluid which 
vOther unwanted material and 



connecting 
pressurized f 
jet emanator mi 
may contain th 
draws the blood or" 
through said inflo^ 
region in the e 




u^id into the elongated device 
and creates a pressurized 

A 

evrc*e which drives fluid and 



entrained blood or thrombirs debris out of the elongated 
device through said outf loj/ means creating crossf low 
jet(s) ; 

using said elongated device Dp break apart thrombus or 
other unwanted material in thk body vessel or cavity, 
where fluid forces from the c:rossflow jet(s) and a 
recirculation of fluid from said\outf low means and back 
in through said inflow means and past said high velocity 
jet(s) macerates said thrombus \ or other unwanted 
material; and, 

using said elongated device to remo^^ thrombus or other 
unwanted material from the body. 
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19. A syss^etn for treatment of thrombus or other unwanted 
material in a vessel or cavity of a living body comprising: 

a, an elongated device having a proximal end and a distal 
end; \ 

5 b. high pressure tubular means forming part of said 

elongated device for conveying pressurized fluid from 
said proximal Wd to said distal end; 
c. pressurized flu^d connection means located at said 
proximal end^^sf said high pressure tubular means; 
10 d, pressurizeay flu>rd source means connected to said 

pressurized rluid connection means; 

\ \\ 

e. jet emanator means T^th at least one jet orifice for 
directing at lekst o^^high velocity fluid jet in the 
0 vicinity of said >distid\^end , said jet emanator means 

"1 15 being attached to and dinvf iuid communication with said 

y \ \\\\ 

□ high pressure tubulanymjans^^ 

2 f- second tubular means formirVg part of said elongated 

n device for conveying fluid\^ at least one of said jet 

orifices directing at least one high velocity fluid jet 
^20 into said second tubular mearvs; 

g. inflow means in said second tubular means, oriented so 

5^ \ 

^ that at least one high velocity^ fluid jet entrains and 

=^ draws surrounding blood or other fluid from a body 

vessel or cavity through said inflow means and into said 
25 second tubular means, and creatingVa region of elevated 

pressure in said second tubular means; 

h. outflow means in said second tubular means, located at 
said region of elevated pressure, outflow means 
thereby providing for passage of fluid out from said 

30 second tubular means into a body vessel or cavity, 

creating one or more cross flow jets which provide force 
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(normal and/ot drag forces) which help to break thrombus 
or other unwant^ed material off the surface of a body 



:ed 

vessel or cavity 
i. one or more of 
apart thrombus o 
entrained by said 
j . said high velocity 
outflow means creat 
fluid flows from sai 



vhr 



high velocity jet(s) act to break 
unwanted material which has been 
elocity jet(s); and, 

said inflow means, and said 
irculation pattern so that 
means with radial flow 



vectors and circumf erent^l knd/or axial flow vectors 
to said inflow means and bkck into said second tubular 
means , thereby providing enhanced removal of thrombus 
or other unwanted material o^i, the surface of a body 
vessel or cavity, and maceratmg the thrombus or other 
unwanted material by action \i said high velocity 
jet(s) . 
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20. A sVstem for treatment of thrombus or other unwanted 
material in a vessel oA cavity of a living body comprising: 

a. an elongated device having a proximal end and a distal 
end; 

b . high presWre tubular means forming part of said 
elongated device for conveying pressurized fluid from 
said proximalXend to said distal end; 

c. pressurized flUid connection means located at said 
proximal end of isaid high pressure tubular means; 



10 
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d. 



f . 



sed Nf luifl 



flu^ 



rnean^ 



ionnect 



pressurx 
pressuriz 
jet emanat 
directing at\ leas 
vicinity of s\id di^t^ 
being attached t\o 
high pressure tubiXi.ar\m 
exhaust tubular 
device for conveying fluid 
proximal end, at least 
directing at least one high v 



an 



meaT 



source means connected to said 

tion means ; 
ith at least one jet orifice for 
high velocity fluid jet in the 
. end, said jet emanator means 
fluid communication with said 



foi 



part of said elongated 
said distal end to said 
of said jet orifices 
flo\ity fluid jet into, said 
exhaust tubular means 



\ 



exhaust tubular means, sale 

providing for removal of flui\i and thrombus or other 
unwanted material debris from th>e body vessel or cavity; 
exhaust regulation means connected to said exhaust 
tubular means for regulation of nhe rate of removal of 
fluid and thrombus or other unwaVted material debris 
from the body vessel or cavity; 
inflow means in said exhaust tubula^r means, oriented so 
that at least one high velocity fluid jet entrains and 
draws surrounding blood or other nluid from a body 
vessel or cavity through said inflow means and into said 
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exhaust tixl^lar means, and creating a region of elevated 
pressure in\said exhaust tubular means; 
outflow meansXin said exhaust tubular means, located at 
said region orV elevated pressure, said outflow means 
thereby provi^d^ng for passage of fluid out from said 

ans into a body vessel or cavity, 
^rossflow jets which provide force 
^es) which help to break thrombus 
maX\er'i>^l off the surface of a body 



mot 



rag 



exhaust tubu 
creating one o 
(normal and /or 
or other unwante 
vessel or cavity; 
one or more of said 



locity jet(s) act to break 
apart thrombus or other uWante^ material which has been 
entrained by said high velocity jet(s); and, 
said high velocity jet(s),\said inflow means, and said 
outflow means create a recirculation pattern so that 
fluid flows from said outflow means with radial flow 
vectors and circumferential aWd/or axial flow vectors 
to said inflow means and back into said exhaust tubular 
means, thereby providing enhanqpd removal of thrombus 
or other unwanted material off khe surface of a body 
vessel or cavity, and macerating \the thrombus or other 
unwanted material by action of said high velocity 
jet(s) . 
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21. A catheter comprising: 

a. a first tube having a proximal end and a distal end; 

a second tube having a proximal end and a distal end, 

said first tube residing within and extending along the 

length of said second tube; 
c, a jet body at said distal end of said first tube, said 

jet body including a jet emanator; 
d- at least one outflow orifice and at least one inflow 

orifice formed in said second tube adjacent to said 

distal end thereof; and, 
e. said jet emanator having at least one jet orifice 

directed toward said outflow and inflow orifices. 
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22. The \^atheter as defined in claim 2>r, vherein said at 



30 



least one outflow orifice is located proximally of said at least one 
inflow orifice. \ 

23. The catheter as defined in claim 21, wherein said at 
least one outflow orifice comprises a plurality of 'orifices and said at 
least one inflow orifice comprises a plurality of orifices. 

2A. The catheter\as defined in claim 23, wherein all of said 
outflow orifices and all (of s^idXinf low orifices are positioned proximally 
of said at least one jet\priflce. 

jfined in claim 23, wherein all of said 
outflow orifices are located proxic^^Ll of all of said inflow orifices. 

26. The catheter as\ de^^Uned in claim 21, wherein said at 
least one jet orifice is locked \di^t^ally of said outflow and inflow 
orifices . 

27. The catheter as \i^tln^ 
least one jet orifice is located proximately 
orifices . 

28. The catheter as defined 
least one jet orifice comprises. a plurality o\ jet orifices, 

29. The catheter as defined in c\aim 21, wherein said jet 
emanator is in the form of a toroidal loop. 

30. The catheter as defined in cla^m 21, wherein said jet 
emanator is in the form of a semi-toroidal loop, 

31. The catheter as defined in claim \21, wherein said jet 
emanator is L- shaped. 

32. The catheter as defined in claim 2\, wherein said jet 
emanator is J- shaped, 

33. The catheter as defined in claim 32, \ wherein said at 
least one jet orifice is located in the curved portion yf said J-shaped 
jet emanator. 



n claim 21, wherein said at 
pf said outflow and inflow 

claim 21, wherein said at 

A 
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^pfined in claim 32, wherein said at 

34. \ The catheter as defxned .^^ 

• . orktce is located at the extreme end of 
least one jet oril^ce x 

emanator. \ « defined in claim- 32, wherein the extreme 

35, Th\ catheter as def ned xn ,,,, 
end of said .-shapedl^t emanator include a neC ^^^^ 

orif\ce is located at ttie tip 
at least one jet orxti^ 

portion. \ .^fined in claim 32, wherein said at 

least one jet orxfxce 

the extreme end of saxdW-sha^ J ^^^^^.^ ^^.^ 

37. The c^heteA\s definea xn , ..^.-.^ 



id Si 



ae 



-as 



least one inflow orifice are defxned 
led in claim 21. further comprising 



toy 



jed 



distal end of said second tube, 
in claim 38, wherein saxd 
tube housing a radio-opaque 

in claim 39, wherein said 



30 



least one outflow orifice 
by separate regions of a sii 

38. The cathetei 
a flexible tip assembly attached 

39. The catheter 
flexible tip assembly comprises a^ta^ 

marker. j^f-sr 
UO. The catheter as defxi 

radio-opaque marker is a metal "''^ \ \^ ,^,,ein said metal 

The catheter as defxned A ^ ^^^^^ ^^^^^^^^ 

.i.e coil has a closely wound P^-^ Y ,.i. n, wherein said jet 

The catheter as defxned xnV ^^^^ 

^ •.v,-!^ said second tube at saxQ 
emanator is located wxthxn saxd A 

second tube. \^ 21, wherein said jet 

T ^t::: Z^Z. .ube bLd said dlstal end of 
emanator is located outsxde of V 

^^,,,,3, .3 defined in claim ^\ w-ein said second 
tube includes an exhaust lumen. 
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AS, The cath 
proximal ends of said first 




^s defined in claim 21, wherein said 
ond tubes are connected to a manifold. 
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